To present our single-centre experience of urolithiasis management in anomalous kidneys, highlighting the need for an algorithm-based approach in deciding the appropriate treatment method for each type.
Introduction
Urolithiasis has long been prevalent in humans, and its management is particularly challenging for urologists when it is encountered in kidneys with anomalies, such as horseshoe, ectopic or malrotated kidney, and in patients with autosomal dominant polycystic kidney disease (ADPKD). These renal units are at higher risk of stone formation as a result of aberrant renal anatomy, repeated UTI episodes, and altered urinary drainage. The treatment for urolithiasis focuses on complete stone clearance using the least invasive procedures. It is also important to consider other factors such as altered anatomical calyceal orientation, relative immobility, abnormal vasculature, and aberrant spatial orientation with respect to other visceral organs beforehand [1] .
Historically, the majority of patients with renal anomalies and urolithiasis have been treated with open surgery. Various minimally invasive methods of stone treatment in anomalous kidneys have been described, for example, standard percutaneous nephrolithotomy (PCNL), microperc, extracorporeal shockwave lithotripsy (ESWL), and semi-rigid and flexible ureterorenoscopy (URS) or flexible nephroscopy. Other possible treatment methods are laparoscopic-guided PCNL and laparoscopic pyelolithotomy (LP), which have had variable success rates [2] . Although various methods have been described, there are two few studies in the literature to draw conclusions with regard to the most effective treatment method for a particular situation.
In the present study, we report our single-centre experience of urolithiasis management in anomalous kidneys, highlighting the need for an algorithm-based approach in deciding the method to be used when treatment planning.
Patients and Methods
We retrospectively reviewed the data of all patients who presented to our renal unit with urolithiasis in anomalous kidneys between January 1990 and July 2014. Preoperatively, patients were evaluated using a haemogram test, renal function tests, serum calcium and uric acid levels, urine routine microscopy, and urine culture. Radiological investigations included kidney, ureter and bladder (KUB) X-ray, KUB ultrasonography and CT-intravenous urography (IVU). Up until 2008, X-ray KUB and IVU were performed in patients with normal renal function, but this was replaced by the use of CT-IVU after 2008. In case of abnormal renal function tests (serum creatinine level >1.5 g/dL), non-contrast CT was performed. Ultrasonography was conducted by the operating surgeon to decide the method and path of access. If deemed necessary, three-dimensional reconstructed CT images were obtained for optimal understanding of the spatial orientation of the intrarenal collecting system in relation to the calculi, surrounding vessels and adjacent visceral structures, thus further assisting in planning the surgery and avoiding complications. Stone size was calculated in terms of digitalized stone surface area [3] .
The study was approved by the institutional ethics committee and was conducted in accordance with the ethical principles that have their origin in the Declaration of Helsinki. As this was a retrospective analysis of hospital medical records, patients' consent was deemed not necessary.
The following variables were evaluated: preoperatively obtained complete patient demography; body mass index; comorbidities; and history of and present UTIs. In addition, type of renal abnormality, location, size of the stone-bearing/ access calyx (in cases where PCNL was planned), anatomy of the pelvicalyceal system (PCS), density of the stone, and the operating surgeon's ultrasonography findings were recorded. Intra-operative factors included technique used and position of stone.
For ESWL, the factors that were recorded included number of shocks given, intensity of shocks, and number of treatment sessions.
Postoperatively, haemoglobin level, serum creatinine level, need for auxiliary procedures, and complications, as per Clavien-Dindo classification, were recorded for all patients. Plain X-ray KUB and ultrasonography KUB were carried out on postoperative days 1 and 30. A stone-free outcome was defined as < 4 mm of residual stone fragments or the absence of any stone fragments on plain abdominal radiograph.
Statistical analysis was performed using Microsoft Excel. The data obtained were tabulated, analysed and presented using descriptive statistics, means (SD) or as number (percentages), as appropriate.
Techniques
In the present paper, we describe only the salient features and the changing trends in the management of urolithiasis in anomalous kidneys as all the procedures have already been described in previous papers [4] [5] [6] [7] [8] .
Percutaneous Nephrolithotomy
With the patient under general anaesthesia, an open-end ureteric catheter was placed with the patient in lithotomy position using the standard technique. The position of the patient was decided in accordance with the ultrasonography findings. Ultrasonography was performed by the operating surgeon preoperatively with the patient in the supine or prone position. The position in which an acoustic window could be achieved between skin and the entry calyx was selected as the final position. A patient with pelvic ectopic kidney required a supine oblique position; the kidney was elevated by placing a small bolster behind the pelvis. This manoeuvre displaced the bowel overlying the kidney; the bowel was displaced by compression using an ultrasound probe [9] . All punctures were ultrasonography-guided (by the operating surgeon), assisted by colour Doppler on occasions, to avoid inadvertent puncture of the blood vessels. In a horseshoe, malrotated or polycystic kidney, the position of the patient was maintained as prone.
The entry calyx was either the stone-bearing calyx or the calyx from which the stone could be reached. Anterior or posterior location of the calyx is irrelevant in ectopic and malrotated kidneys. Once the puncture was performed, confirmation was obtained using contrast, under fluoroscopy guidance, and dilatation was carried out using single-step or serial dilators.
After nephroscopy, fragmentation of the stone was carried out with laser or pneumatic lithoclast. In the earlier part of the series (those performed up to 2008), all the stones were managed using a 24-Fr scope. For stones > 2 cm in size, a 20-Fr scope was used, and for stones smaller than 2 cm, a 12/14-Fr scope was used. Whenever the 12/14-Fr scope was used, laser was the energy source. A JJ stent or a ureteric catheter and/or nephrostomy was placed, at the surgeon's discretion.
Semi-Rigid and Flexible Ureterorenoscopy
With the patient in the lithotomy position under general anaesthesia, using a 22.5-Fr cystoscope, the ureter was cannulated with an open-end 5-Fr catheter and a 0.038-inch hydrophilic guidewire. The ureteric orifice was preferably dilated up to 14 Fr and a 6/7.5-Fr or 8/9.8-Fr semi-rigid uretero-renoscope (Wolf TM , Knittlingen, Germany) was passed over the guidewire in case semi-rigid flexible URS was planned. In case of flexible URS, a 12/14-Fr ureteric access sheath (UAS) was placed over the guidewire and flexible URS (Flex-X2 TM ; STORZ, Tuttlingen, Germany) was then performed. The use of flexible URS began~20 years ago, and the size of the flexible ureteroscopes has been decreasing from 12 Fr to the present size of 7.5-8 Fr. The position of the UAS varied depending on the renal anomaly, position of the kidney and location of the stone. For a pelvic ectopic kidney, it was always placed in the mid or lower ureter, as this would allow maximum flexion of the scope in the kidney. If the sheath is placed in the upper ureter or kidney, the flexion becomes restricted in cases of anomalous kidneys [10] . Holmium YAG laser, with settings of 1.2 J/10 Hz for fragmentation and 0.4 J/20 Hz for dusting, was used. A JJ stent was placed after the completion of the procedure, which was removed after 2-4 weeks postoperatively.
Extracorporeal Shockwave Lithotripsy
With the patient in the supine position under sedation or general anaesthesia, ESWL was performed using Dornier compact Delta assisted by both ultrasonography and fluoroscopy, restricting the number of shocks to not more than 1 500 in one sitting at the maximum shockwave energy of 13 kV. Patients were discharged either in the evening on the same day or on the first postoperative day. Follow-up was carried out after 3 weeks with ultrasonography and KUB X-ray.
Laparoscopic Pyelolithotomy
A transperitoneal approach with the placement of a JJ stent, leaving a perinephric drain and Foley's catheter for bladder drainage, were crucial technical aspects of the procedure.
Results
For the 179 patients presenting at our institution, with a total of 199 renal units, the most common method of treatment used was PCNL (72%), followed by flexible URS (19.1%; Table 1 ).
Overall, the most common symptom of presentation was pain. The most common microorganism isolated from urine was Escherichia coli, and the most common stone location was the pelvis. Multiple stones were present in 33% patients. Detailed patient demographic characteristics and stone characteristics in each subgroup are shown in Tables 2  and 3 , respectively. Table 4 shows the results obtained in the peri-operative phase. The overall stone clearance rates for PCNL and flexible URS were 85.8% in cases of anomalous kidneys in our series. The stone clearance rates in ectopic, horseshoe and malrotated kidneys and in patients with ADPKD were similar for PCNL and flexible URS: 86%, 88%, 76% and 83%, respectively, and 81.2%, 80%, 92% and 100%, respectively. were greater in the PCNL group. This can be explained by the fact that patients in the PCNL group had larger stone bulk, and the procedure was more invasive.
In both cases in which LP was performed, we were able to achieve a stone clearance rate of 100%, while the mean hospital stay was 5.25 days.
The most common staged procedure was ESWL, with a complete stone clearance rate of only 50% across all anomalies encountered, followed by PCNL (as a result of large stone bulk, longer operating time, and intra-operative bleeding and sepsis).
Postoperatively, for the majority of the patients treated with PCNL (n = 114, 79.2%), both JJ stents and percutaneous nephrostomy tubes were placed, with only six patients having a tubeless exit strategy (4.2%). Pre-stenting was required in six cases of flexible URS (15.8%); a UAS 12/14 Fr was placed in all the cases. In ectopic kidneys, the UAS was placed in the lower or mid ureter, and in the remainder of the cases, it was placed in the mid or the upper ureter. All other patients underwent postoperative JJ stenting. Three cases of ESWL (20%) required post-procedural JJ stenting.
The details of patients needing auxiliary procedures in each group are given in Table 5 . The most common reason for auxiliary procedures was residual stones. Overall, as well as in each subgroup, postoperative fever was the most common complication, followed by haematuria (Table 6 ). In the PCNL group, three patients had persistent urine leak from the nephrostomy site and two of them required intervention in the form of JJ stenting. A couple of patients had paralytic ileus, which was managed conservatively. Stone analysis was performed in approximately one-fifth of the patients (n = 37). The most common stone composition was calcium oxalate dihydrate. One-third of the patients (n = 58), and all patients treated after 2010, underwent 24-h urine metabolic analysis. All patients had at least one abnormal factor; the most common being hyperoxaluria, hypercalciuria and hypovolaemia. The follow-up period ranged from 1 month to 12.5 years.
We propose an algorithm-based approach for the management of stones in anomalous kidney (Fig. 1) . The choice of treatment is guided by multiple factors, for example, stone size, stone location, spatial calyceal orientation and the pelvicalyceal drainage system. In general, for patients with large stone bulk/staghorn calculi or high-density stones (>1 000 HU) and with a clear acoustic window between the skin and the stone, PCNL (standard/microperc/miniperc) was the preferred method. For low-density stones (<1 000 HU) of the size <1.5 cm, retrograde intrarenal surgery (RIRS) was preferred. For stones greater than 2 cm and low density, PCNL or staged RIRS was preferred. Whenever drainage was delayed (non-obstructed) and ureteric insertion was high (abnormal), PCNL was preferred because RIRS or ESWL would not drain the kidney well after the procedure in these cases. Stones <1.5 cm in size and with low density and good drainage were planned for ESWL. On failing ESWL, these patients underwent RIRS. ESWL failure was defined as reduction of < 50% in size 3 weeks after the second session. In kidneys where the pelvis was anterior and a direct window to the entry calyx was not seen on ultrasonography, we opted for LP. If the pelvis was intrarenal in the above case, staged RIRS was planned.
For multiple small calyceal calculi or an upper ureteric calculus, RIRS was the preferred choice. ESWL was reserved for solitary stones with small bulk and kidneys with free, prompt drainage in a favourable PCS with mild or no hydronephrosis, while rigid URS was reserved for lower ureteric calculi. This was a treatment plan in general; however, many confounding factors were considered while deciding the treatment method.
When considering lower pole stones, size, density and drainage were considered. Drainage considerations for a lower pole stone included infundibulopelvic angle and drainage across the PUJ. An acute infundibulopelvic angle would mean poor drainage and difficulty in negotiating the flexible scope.
Discussion
Access to the PCS can be gained by ultrasonography [5] , fluoroscopy, laparoscopy [11] [12] [13] , or any combination of these methods. In our institute, our routine practice has been to use either ultrasonography routinely or a combination of ultrasonography and fluoroscopy. Pressure with the ultrasound probe helps to displace the bowel and thus avoids bowel injuries, which are a major concern in ectopically placed kidneys. Following access, the tract dilatation offers its own problems. Because the procedure is carried out with the patient in the supine position in the vast majority of cases, the direction of the tract may not be the same as when the patient is in the prone position. This is a point of specific concern when the procedure is performed by a novice surgeon. Next, the location of the kidney decides the length of the tract. A deeply located pelvic kidney necessitates a longer amplatz sheath and a long nephroscope. The chances of tract loss and bleeding are also theoretically higher. In the present series, the mean haemoglobin loss was 1.12 g%, which is slightly higher than the mean haemoglobin drop for an orthotopically positioned kidney (0.9 g%). In addition, associated vascular anomalies can also present a massive problem if not identified preoperatively as the access to the kidney is from the ventral side. Colour Doppler imaging performed alongside the ultrasonic access can circumvent this issue in routine clinical practice.
In contrast to PCNL, variation in ureteric insertion, tortuosities and angulations in the ureter are the major concerns with flexible URS. Placement of a UAS is invaluable as it allows easy passage of the ureteroscope and egress of the fluid and fragments, and helps with faster stone clearance. The location and placement of the UAS are critical; the UAS, if placed beyond the PUJ or in the upper ureter, may hamper the scope deflection. In a pelvic ectopic kidney, more often than not, it is better to place the UAS in the mid or lower ureter [10] . Miniaturization of the scopes, the availability of slender and powerful lasers, and smaller accessories, such as the nitinol baskets, have improved our success rates tremendously over the years.
In the present series, we found that flexible URS and PCNL had equivalent success rates (81.25% vs 86%) and that URS was associated with a shorter operating time (46 vs 95 min); however, the stone volume for the patients selected for flexible URS was lower as compared to PCNL. A lower mean haemoglobin drop (0.21 vs 1.112 g%) and a shorter hospital The most common complication of horseshoe kidneys is renal stones, with an incidence of up to 20-40% [14] . Impaired urinary drainage with consequent stasis and infection predisposes to stone formation in horseshoe kidneys. Endourological management of these calculi is the accepted 'gold standard', but the decision and choice of a particular endourological procedure require careful evaluation and judicious planning.
Access to the PCS is generally easier than the orthotopically placed kidneys as the superior calyces are placed lower down and can be punctured subcostally. Anatomically, the pelvis is ventral and the calyces are dorsomedial, which mandates the entry site to be more medial than usual, and direct entry into the posterior calyx is possible. Although the vascular anatomy is variable with many aberrant vessels to the isthmus region, most of these are anterior with literally no abnormal vascular structure posterior to the superior calyx [15, 16] . Access can be gained by ultrasonography and/or fluoroscopy, and the direction and techniques are no different from usual. The tract may be longer than orthotopically placed kidneys, and occasionally longer nephroscopes may be required [3] .
The anteroposterior tilt of the kidney is prominent, which makes the upper pole the most superficial and posterior aspect of the horseshoe kidney. Upper pole calyces are more posterior and lateral, and often subcostal lower pole calyces are anterior, lie in a coronal plane, are angled medially, and are inaccessible percutaneously.
Because a horseshoe kidney is lower in position, there is usually no need for supracostal access. The optimal point of entry is through a posterior calyx, is typically more medial than in an abnormally positioned kidney, and is likely to pass through the paraspinal muscles. This happens because of the altered renal axis and rotation associated with midline fusion. These punctures are slightly more difficult to dilate, as they traverse through the erector spinae and 
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© 2018 The Authors BJU International © 2018 BJU International quadratus lumborum muscles. Entering the kidney via the upper pole facilitates access to upper pole calyxes, the pelvis, lower pole calyces, the PUJ and the proximal ureter. Additionally, because longitudinal axis of the nephroscope is along the longitudinal axis of the kidneys, the pressure on kidney tissue caused by the nephroscope and subsequent bleeding is reduced (minimizing nephroscope torque on renal tissue during manipulation).
The use of a flexible nephroscope may avoid unnecessary lower calyx punctures and their antecedent complications [17] . In the present series, we observed higher complete stone clearance rates (88%) and lower retreatment rates despite larger stone burden and multiplicity. PCNL is the established gold standard for larger stone burden (>2 cm) with many series showing success rates of >80% [3, 7] , which are similar to that in the present series (88%). Miniaturized percutaneous stone surgeries, such as miniperc and microperc, may also be attractive options for smaller stones.
Flexible URS is an attractive option for smaller stone burden, albeit with slightly lower success rates (75-80%) [18] . The proposed reasons for lower success rates are ureteric accessrelated issues, decreased manoeuvrability because of bending of the scope at the anteriorly displaced PUJ, improper case selection with larger stone burden, and impaired drainage attributable to anatomical factors. In the present series, a lower stone clearance rate (80%) was associated with PCNL, with similar retreatment rates; however, flexible URS had a distinct advantage in obese patients, in patients with bleeding diathesis, and in those with poor cardiopulmonary status, who could not tolerate a prone position or laparoscopic procedure.
Variable success rates in the management of stones in anomalous kidneys have been reported for ESWL, ranging from 31% to 100% [19] . In the present series, only three patients with a horseshoe kidney underwent ESWL. All three of them required second-stage ESWL, and one patient required RIRS. One patient each from the pelvic kidney group and the malrotated kidney group also underwent ESWL; both of them required auxiliary procedures. As drainage may be delayed in patients with anomalous kidneys and the residual fragments may cause stone recurrence, it is advisable to use this treatment method in stones with low density and in cases where kidneys are excreting promptly [20, 21] .
Laparoscopy-guided PCNL is used in the management of stones in anomalous kidneys when an acoustic window cannot be found or the bowel cannot be displaced; bowel mobilization can be performed laparoscopically in these cases. Once the pneumoperitoneum has been created, ultrasonographic guidance becomes unreliable. Even when the abdomen is deflated after visceral mobilization, the ultrasound window may be difficult to find. A middle path would be to make a ultrasonography-guided puncture, confirm by contrast instillation, and then after parking the wire securely in the PCS, create a pneumoperitoneum and perform laparoscopy just to check for any visceral injury. The pneumoperitoneum should be kept to minimum to prevent tract loss and, once safety is confirmed, dilatation can be carried out under fluoroscopic guidance.
Other methods, such as trans-sciatic, transgluteal and transobturator techniques, have been described in the literature, but the present authors do not have experience of these procedures. The number of cases of malrotated kidneys was lower in the present series than in others. The major determinant of the choice of procedure is the size of the stone. If the stone size is > 1.5 cm with a density >1 000 HU, PCNL is the preferred choice, if an access window is visible on ultrasonography. Success rates of~80% after single-stage PCNL and close to 100% after second-stage PCNL are achievable [22] . The challenge in cases of malrotated kidney is to obtain the puncture through the cup of calyx. The puncture in these kidneys should be carried on the merit of calyx, as visible on ultrasonography and seconded by retrograde ureteropyelography. Another small series of patients presented by Lojanapiwat [23] reported similar results in managing stones in malrorated kidneys with PCNL.
The stone clearance rates for ESWL in managing stones in malrotated kidneys ranged from 37% to 80% in a series of 120 patients, and the size was a major determinant of stone clearance [24] . Drainage may be a critical factor determining the success of ESWL, so CT-IVU should show promptly draining ureters without any kinks or external vascular compression [25] .
Flexible URS is also a treatment option for renal stones < 1.5 cm in size; however, the drainage should be favourable, and the ureter should not have kinks and should be draining well. Managing patients with high insertion of ureter in malrotated kidneys with stone disease can be challenging using flexible URS. In the present series, we had 14 patients with ADPKD. The management options for stone disease in ADPKD remain the same as for any other kidney without cysts [26] . The diagnosis of stone disease requires CT with contrast and excretory films as it must be differentiated from cyst wall and parenchymal calcification. Important considerations include the length of the infundibula of the calyces; long and slender calyx infundibula make PCNL difficult. Also, it is difficult to differentiate between the PCS and cyst on ultrasonography. To overcome this, ultrasonography guidance along with fluoroscopy control, should be used. Contrast mixed with methylene blue should be injected through the ureteric catheter. On entering the PCS, a blue effluent will confirm the puncture. Dilatation of the tract in © 2018 The Authors BJU International © 2018 BJU International 325 these patients is difficult, and there is a tendency to overdilate as the parenchyma is not as dense as normal kidney. There is also a chance of slippage of the amplatz sheath as the parenchyma is not dense enough to hold it. Entering one calyx from the other is also difficult as the calyceal infundibulum is long. This also creates a potential situation for infundibular injury and bleeding.
Flexible URS is feasible in patients with ADPKD, but again is made challenging by long and slender calyx infundibula. Lower polar stones are difficult to manage as the infundibulum of the calyx may be very long, making it difficult for the flexible scope to enter and reach the stone.
Extracorporeal shockwave lithotripsy, although not contraindicated, may result in cyst rupture and resultant pain and haemorrhage. The drainage of the kidney is also compromised by the long length of the infundibulum and may affect the outcomes of ESWL.
Choice of procedure is again determined by size, location, density and drainage of the kidney.
The authors acknowledge that the present study has the following limitations. First, it was a retrospective analysis of patients treated at a single centre with a moderate case load. Second, the algorithm presented is based on retrospective data and may not be generalizable; however, it could help surgeons to consider various factors when deciding on treatment method. Third, the surgeries were performed by different surgeons over a 25-year period and may have affected the overall outcome. Further research is warranted to confirm this finding and proposed algorithm. In conclusion, the management of renal calculi in patients with renal anomalies may vary based on stone size, location, density, PCS anatomy, and drainage. An algorithm-based approach could help surgeons decide the appropriate treatment method in this population.
